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ABSTRACT 


The  goal  of  this  research  project  was  to  design  a  VLSI  implementation  of  the 
required  digital  circuitry'  to  utilize  ferroelectric  memory  as  a  ponion  of  main 
microprocessor  memory  An  interface  between  National  Semiconductor's 
NM24CF04,  a  nonvolatile,  serial -access,  ferroelectric  memory  device,  and  Intel's 
8086  microprocessor  was  designed  and  implemented  using  SSI/MSI  technology  in 
a  previous  study  This  thesis  discusses  the  redesign  of  the  previously  designed 
circuit  for  VI.SI  implementation.  The  layout  was  accomplished  using  the  Magic 
graphical  layout  editor  and  tested  using  the  Esim  event  driven  logic-level  simulator 
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INTRODUCTION 


A .  BACKGROUND 

Ferroelec':L-':  c  capacir.or  memory  iroCX;  colls  are 
ir.coroorated  in  tne  Nationa_  Semiconductor  ;\Ml'1Cr'04  409i-Bit 
M  S;  exes  Serial  Nonvolatile  Memory.  These  memory  chips 
provide  the  possibility  or  i  mp;  emeriti  np  non-voiatile  computer 
main  memory.  Recent  studies  [Rot.  1]  have  demonstrated  the 
feasibility  of  directly  interfacing  TECM  to  a  microprocessor 
mem.ory  bus, 

1 .  FECM  Theory  of  operation 

FiCM  are  constructed  using  a  modified  silicon  CMOS 
semicor.ductor  process.  Figure  1  shows  a  typical  structure  for 
a  simple  ferroelectric  capacitor  iRef,  2].  h  commonly  used 
ferroelectric  material  is  lead  zirconate  titanate  (PZ'l’.i  .  The 
PZT  dielectric  is  deposited  between  two  electrode  layers, 
forming  a  capacitor.  The  capacitor  is  charged  when  written  to 
and  the  charge  is  retained  for  greater  than  ten  years  in  the 
case  of  the  NM24CF04  FECM.  The  cel',  is  read  by  applying  a 
voltage  across  the  capacitor  and  observing  the  current  pulse 
generated. 

A  small  current  pulse  indicates  a  '1'  is  stored  in  the 
cell  while  a  large  current  pulse  indicates  a  'O'  is  stored  in 
the  cell.  It  should  be  noted  that  the  read  operation  is  a 


"destructive  read"  and  the  data  must  be  written  bac:-:  to  th« 
device . 


TOPELECntODE 


MOE  TIVWSISTOR  FERROELECTRIC  CAPACITOR 


Figure  1  Ferroelectric  Capacitor  Device,  [Ref. 2]. 

Current  technology  has  demonstrated  several  advantage: 
and  favorable  characteristics  of  FECM  [Ref.  3],  including:  1 
non-volatility,  2)  long  retention  (>10  years  3  25“C! ,  3: 
endurance  '[IC'"  write  cycles),  and  4)  radiation  hardness  i>10’ 
RADs (Si/sec) ) .  Therefore,  FECK's  are  ideal  for  many  military 
and  space  based  systems. 

2.  National  Semiconductor's  NM24CF04 

The  NM24CF04  is  fabricated  with  advanced  CMOi 
ferroelectric  technology  [Ref.  4] .  The  device  provides  a  4096- 
bit  nonvolatile  memory,  internally  organized  as  two  256  x  8- 
bit  pages.  It  uses  a  serial  interface  on  a  two-wire  bus  wit! 
practically  -unlimited  erase/write  cycles  and  supports  i 
bidirectional  b-us  oriented  protocol.  When  power  is  removed 


the  data  remains  stored  in  the  ferroelectric  cells,  rigi,  re 
shows  a  connection  diagram  for  the  device. 


Figure  2  i’Il-124CF04  Pin  Diagram,  [Ref.  4]  . 

Serial  Data  (SDA)  ;  SDA  is  a  bidirectional  pin  used  to 


transfer  data  into  and  out  of  the  device.  It  is  an  open-drain 
Output  and  may  be  wire  OEed  with  any  number  of  open- drain  or 
open-collector  outputs.  A  pull-up  resistor  is  required. 

Serial  Clock  (SCL) :  The  3CL  input  is  used  to  clock 
all  data  into  and  out  of  the  device.  Data  states  on  the  SDA 
line  car.  change  only  during  SCL  LOW.  SDA  state  changes  during 
SCL  HIGH  are  reserved  for  indicating  start  and  stop 
conditions . 

Address  (AO)  :  AO  is  unused  by  the  NM24CF0'5,  however, 
it  must  be  tied  to  GND  to  insure  proper  device  operation. 

Address  (A1,A21 :  The  Address  inputs  are  used  to  set 
the  least  significant  two  bits  of  the  six  bit  slave  address. 
These  inputs  can  be  driven  with  logic  or  tied  high  or  low.  The 
four  most  significant  bits  of  the  slave  address  are  tied  to  V... 


or  GND  to  form  the  "Device  Type  Identifier"  nibble  'ICIO'. 


Pins  A1  and  A2  connected  to  +5  volts  or  ground  to  establish  a 


hardwired  address  for  the  device.  Two  bits  allow  four 
different  devices  to  be  addressed. 

3 .  Microprocessor  System 

The  most  commonly  used  16-bit  micrcprocessors  today 
are  the  Intel  8C36  series  and  the  Motorola  68C00.  Previous 
studies  [Ref.  used  the  Intel  8086  in  the  minimum  m.ode.  The 
thrust  of  this  thesis  research  is  centered  around  the  Intel 
8036  [Ref,  5],  although  the  monitored  signals  could  easily  be 
converted  to  allow  the  use  of  the  Motorola  680C0  chip.  The 
Minimum  Mode  System  configuration  is  shown  in  Figure  3. 

In  the  minimum  mode,  the  CPU  emits  the  bus  control 
signals  for  memory.  In  the  maximum  mode,  an  3288  Bus 
Controller  assumes  the  responsibility  of  controlling  all 
devices  on  the  system  bus.  The  CPU  incorpcrates  two  separate 
processing  units.  These  are  the  Executicn  Unit  (EU)  and  the 
Bus  Interface  Unit  [BIU)  .  The  EU  executes  instructions  and  the 
BIU  fetches  instructions,  reads  operands,  and  writes  results. 
The  two  units  operate  independent  of  one  another  and  are  able, 
under  most  circumstances,  to  extensively  overlap  instruction 
fetch  with  execution.  The  3086 's  instruction  stream  queue  can 
store  up  to  six  instruction  bytes.  When  two  or  m^cre  bytes  of 
the  6-byte  instruction  queue  are  empty  and  the  EU  does  not 
require  the  BIU  to  perform,  a  bus  cycle,  the  BIU  e.xecutes 
instruction  fetch  cycles  to  refill  the  queue.  The  BIU  normally 


it  state. 


r eiat:.onship  required  to  generate  a  vva 


Signal  BSADY 


Figure  5  8086  Write  Bus  Cycle,  [Ref.  Ij. 


is  produced  by  an  8284  Clock  Generator  and  Driver  shov.-n  in 
riguxe  3.  Signal  HDy  is  produced  by  combinational  logic  in  the 
interface  device. 

Signal  Data  Transmit/Receive  (DT/R)  controls  ti 
flow  of  data  through  banks  of  8286  octal  bus  transceivers  whi 
operating  in  the  minimum  mode  configuration.  With  the  sign; 
high,  data  can  flow  from  the  8086  microprocessor  onto  the  dal 
bus  and  into  the  appropriate  memory  location.  Data  Enab; 


{DEN)  is  provided 
transceivers . 


an  output  enable  for  the 


I - 1. - - 1 


Figure  6  Wait  State  Insertion,  [Ref.  Ij. 


b.  Read  Bus  Cycle 

Figure  6  illustrates  the  0086  Read  Bus  Cycle.  The 
read  cycle  is  very  similar  to  the  write  cycle.  The  CPU  places 
the  read  address  on  the  multiplexed  address/data  bus  during 
T-, .  Again,  during  state  T,,  AI£  is  asserted  high  to  latch  the 
write  address  into  a  register.  The  register  contents  is 
decoded  to  generate  the  necessary  chip  select  for  memory.  Upon 
completion  of  Tj,  the  CPU  floats  the  address/data  bus  in 
preparation  for  data  to  be  received  from  memory.  During  state 
T;,  RD  is  asserted  low  to  indicate  to  memory  that  a  read 
operation  is  requested.  Again,  if  reading  from  a  slow  memory 
device,  the  user  is  responsible  for  adding  logic  to  control 


rigure  7 


iOS6  Read  Bus  Cycle,  [Ref.  i] , 


READY  and  generate  wait  states  prior  to  state  1..  Signal  DT/ 
is  asserted  low  to  configure  transceivers  in  the  receive  tode 
Signal  DEN  is  asserted  low  to  enable  the  transceivers  to  pas: 
the  received  data  to  the  CPU, 

B.  OVERVIEW  OF  SYSTEM  DESIGN 

Figure  8  shows  an  overview  of  the  systeni  bus  structuri 
implemented  in  previous  thesis  research  [Ref.  1). 

1 .  Address  and  Data  Bus  Structure 

Although  the  6086  has  the  ability  to  address  on' 
megabyte  of  memory,  the  system  described  here  employs  4K  byte 
of  ferroelectric  RAK  (FERRO),  8K  of  ROM,  and  3K  of  static  RA.M 
The  section  of  memory  designated  as  FERRO  is  split  into  twi 


the  data  bus  {D7-D0)  and  corresponds  to  even  addresses  (AO  ^ 
Oj  .  The  reir.aining  bank  connects  the  upper  half  of  the  data  bus 
(D15-D8),  and  corresponds  to  odd  addresses  {AO  =  1).  Address 
lines  Al-All  specify  the  particular  byte  in  each  bank.  To 
perform  a  byte  transfer  to  an  even  address,  the  6086  specifies 
an  address  with  AO  low  and  signals  Bus  High  Enable  {SHE)  high. 
With  BHE  high,  the  upper  bank  of  memory,  or  the  odd  byte  of 
the  word  address,  is  disabled. 

To  perform  a  byte  transfer  to  an  odd  address,  the  8086 
asserts  BHE  low  and  AO  high.  This  allows  access  to  the  upper 
bank  while  disabling  any  memory  access  of  the  lower  bank  or 
even  byte.  To  perform  a  word  transfer  of  16  bits,  the  8086 
asserts  both  BHE  and  AO  low.  This  enables  both  memory  banks 


10 


and  allows  transfer  of  the  entire  data  bus  D15-DC  durir.-  one 
bus  cycle. 

2 .  Data  Flow  Overviow 

The  objective  of  the  design  was  to  configure  the 
;'D124CF04  as  a  functional  block  of  nain  tiemory  without 
requiring  any  special  actions  on  the  part  of  the 
f.icroprocss.sor .  The  'jT''24CF04  operates  at  a  frequency  of  IGC 
■"-z,  thus  requiring  the  wait  states  to  be  inserted  whenever 
the  ferroelectric  memory  was  addressed. 

The  COKTRCL  logic  of  Figure  8  monitors  five  sets  of 
signals:  RD,  WK/  BHE,  AO -All,  and  DO-Dlo.  When  the  8036 
requests  a  read  operation  from  ferroelectric  memory,  it  places 
the  read  address  on  the  address  bus  and  indicates  a  read 
request  by  asserting  RD  low.  The  CONTROL  logic  block  takes 
over  by  initiating  microprocessor  wait  states  and  perfor.ming 
the  required  tasks  to  retrieve  information  from  the 
appropriate  bank  of  ferroelectric  siemory.  Control  tasks 
performed  include  identifying  and  selecting  the  correct  chip, 
converting  the  parallel  address  to  a  serial  address, 
transmitting  the  address  to  mem.ory  serially,  receiving  the 
data  from,  memory  serially  and  transferring  the  received 
information  into  parallel  form,  latching  the  data,  and 
releasing  control  to  the  microprocessor.  Writing  to 
ferroelectric  memory  is  very  similar. 
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chapter.  Sigr.al  FERRO  is  a  chip  select  generated  by  eKterr.a! 
conibi national  logic.  Sig.nal  ACK  is  generated  by  the  I/O  31:; 
CCMTRCL  by  n’.o.n i t o r i ng  the  Serial  Data  Sus  Low  iSD.Rli  ar.c 
Serial  Data  Bus  High  (SDAHj  for  the  Acknowledge  (ACX) 


Figure  10  Microinterface  Proposed  Pin  Diagram, 


generated  by  the  NM24CF04.  The  Counter  Finite  State  Machini 
(CFSM)  maintains  a  count  to  control  the  number  of  shif 
operations  performed  by  the  shift  registers  contained  in  th' 
LOW  and  HIGH  BYTE  MUX/SHI FTERs .  The  I/O  BUS  CONTROL  generate 
clock  and  control  for  both  internal  and  external  bus  control 
LOW  and  HIGH  BYTE  MUX/SHIFTERs  provide  serial  and  parallel  I/' 


tc  the  address,  parallel,  and  serial  data  busses.  Figure  10 
shows  the  proposed  chip  pin  diagram.  Signals  not  yet  discussed 
are: 

Address  [AG-All)  •.  Address  bus  lines  from  74L3303  octal 
latches  in  Figure  8.  AlO  and  All  select  the  desired  chip 
within  a  bank.  A9  selects  the  desired  page  within  a  chip.  A1 * 
AS  selects  the  specific  byte  within  the  page. 

Clock  {CLK-.  :  A  IGOKHz  clock  is  used  to  clock  the 
"Kicrointerface"  chip  circuitry  and  generate  SCLL  and  SCLH  to 
clock  the  ferroelectric  memory  chips. 

Serial  Data  Bus  High/ Low  Out  ( 5DAH_0Ur/S£)Ai_0C/T)  ;  These 
pins  are  used  if  an  ey.ternal  SDA  bus  driver  is  used.  They  can 
be  used  to  enable  data  onto  a  serial  data  bus  with  a  74DS2'11 
Line  Driver,  as  shown  in  Figure  5". 

High /Low  Data  Bus  Out  {HI/LO_DATA_OUT)  :  These  pins  are 
used  if  an  external  data  bus  driver  is  used.  They  can  be  used 
to  enable  data  onto  a  parallel  data  bus  with  a  tri-state  Line 
Driver . 

Serial  Clock  High /Low  {SCLH/ SCLH)  :  The  clock  output  that 
connects  to  the  SCL  pin  of  the  respective  NM24CF04  memory 
chip . 

Ready  [RDY]  :  The  output  pin  that  connects  to  the  RDY  pin 
of  the  0204  Clock  Generator  shown  in  Figure  3,  to  generate 
READY. 
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Serial  jata  Bus  High/Lov;  In  SDAH_Il''/SDr\L_IN]  :  rjsed  to 
enable  a  tri-state  Line  Driver  if  the  circuit  is  configured 
with  external  drivers  as  shown  in  Figure  S'?. 

Data  Lines  {DO-DIS) :  These  pins  connect  to  the  data  bus 
fror,  the  Transceivers  shown  in  Figure  8. 

D.  REQUIRED  BARDHARE  AND  SOFTWARE  TOOLS 

The  design  and  layout  of  the  Microinter f ace  chip  was  done 
on  the  Maval  Postgraduate  School's  Sun  SPAPsCstations  using  the 
VLSI  CAD  tool  package  created  by  the  University  of  California 
at  Berkeley. 

1 .  Sun  SPARCstation 

The  Sun  Microsystems  SPAlRCstation  II  is  a  desktop 
workstation  that  offers  high-speed  color  graphics.  Operating 
at  4  0-MKz,  the  system  is  equipped  with  32  M3  of  RAM,  424  K3  of 
internal  fixed  disk  storage,  and  mounts  several  large  file 
systems  from  a  remote  server. 

2 .  Magic 

Magic  is  an  interactive  editor  for  creation  of  Very- 
Large  Scale  Integration  (VLSI)  circuit  layouts.  This  program 
runs  on  many  UNIX  based  systems,  for  exaitple,  the  Sun 
SPARCstation  with  an  integrated  color  display.  Using  Magic, 
the  designer  can  create  basic  cell  layouts  and  combine  them 
into  larger  structures,  or  even  complete  integrated  circuit 
layouts.  This  program  has  a  built  in  design  rule  checker  chat 
constantly  checks  layouts  during  creation  to  ensure  that 


15 


layc'jt  rules  are  obeyed  for  the  particular  technology  being 
used.  To  allow  a  means  of  interfacing  with  other  programs, 
Magic  allows  the  user  to  extract  the  created  circuits  for  use 
by  other  programs.  Magic  only  permits  Manhattan  designs,  which 
are  designs  with  horizontal  or  vertical  edges,  no  diagonal  or 
curved  structures  are  allowed.  The  further  attributes  of  Magic 
ate  numerous,  and  reference  to  the  user's  ma.nual  is 
recorir.ended  for  additional  descriptions  of  its  abilities 
[Ref.  61. 

3 .  Peg 

The  PLA  Equation  Generator  compiles  finite  state 
machines  to  generate  a  working  PLA.  It  takes  a  high  level 
description  of  a  finite  state  machine  and  translates  it  into 
the  logic  equations  required  to  implement  a  specific  design. 
Peg  generates  logic  equations  that  follow  the  Moore  mcdel  of 
a  finite  state  machine.  This  implies  that  the  outputs 
generated  by  the  finite  state  machine  depend  only  on  the 
current  state  of  the  machine.  Inputs  can  be  provided  to  cause 
transitions  to  specific  states.  The  Peg  command  used  was: 

peg  inflle  >  outfile 

This  allowed  for  the  infiles,  which  in  this  case  were  mfsm.peg 
and  cfsm.peg,  to  be  processed  into  the  equations  required  to 
design  the  heart  of  the  extracted  circuit.  Included  in 
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Appendix  A.  are  copies  or  the  peq  input  and  output  files  [Ret. 

4.  SPICE3C1 

.'5PICE3c:l  is  an.  updated  version  of  SFICE  which  is  a 
;;eneral  purpose  circuit  simulation  program.  It  can  pericrm.  dc 
analysis,  as  smal .-signal  analysis,  and  transie.nt  analysis. 
SrICE  can  also  be  used  to  provide  extensive  plotting  of 
circuit  parameters  and  circuit  behavior  using  its  plot 
corrji'.and.  SPICE  is  a  tremendously  ucv/erful  tool  in  observing 
how  circuits  are  acting,  but  it  has  a  limitation  in  that  large 
circuits  take  an  extremely  Long  time  to  process.  SPUE  was 
used  mainly  for  power  estimations  and  transient  behavior 
;p.ef .  7]  . 

5.  Esim 

Esim  is  an  event -driven  switch-level  simulator  for 
IJMOS  and  CMOS  circuits.  It  can  be  entered  after  the  circuit 
has  been  e.xtracted  from  Magic.  Esim  is  used  tc  watch  various 
nodes,  to  set  or  reset  nodes,  and  to  simulate  the  logical 
operation  of  the  circuit.  The  watched  nodes  can  then  be 
inspected  and  the  circuit  evaluated.  There  are  numerous 
commands  and  options  that  may  be  employed  in  the  simulation 
and  the  reader  is  directed  to  the  reference  material  for 
further  clarification  [Ref.  6] . 
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E.  THESIS  STRUCTUEE 

Chapter  I  introduces  the  need  for  fer roelectrics,  the 
Mlf24CF04,  the  8086  microprocessor,  and  details  of  previous 
research.  System  timing  considerations  are  discussed.  Chapter 
II  contains  a  description  of  circuit  extraction  considerations 
that  were  necessary  to  develop  the  design  of  the  interface 
between  the  NM24C"C4  and  the  3086  microprocessor.  VLSI  layout 
considerations  are  described.  Chapter  III  describes  basic 
design  method  used  to  for  each  major  section  of  the  chip.  An 
estimation  of  static  and  dynamic  power  dissipation  is  made. 
Chapter  IV  discussion  of  testing  objectives,  procedure,  and 
results.  Chapter  V  summarizes  the  study  and  includes  further 
recommendations . 
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II.  DESIGN  CONSIDERATIONS 

The  general  interlace  device  design  began  with  careful 
consideration  of  the  syste"  bus  structure  shewn  in  Figure  5. 
The  tuncticnal  clocks  shoivT.  in  Figure  9  described  the 
irr.pler.entation  of  the  single  chip  design.  These  blccks  were 
chosen  to  incorporate  as  tiuch  circuitry  as  possible  from  the 
previous  SSI/MSI  interface  impiementation  [Ref.  i],  and  sti.i 
maintain  versatility  for  future  adaptation  to  other 
microprocessor  applications.  The  Magic  layout  editor  requires 
that  a  filename  be  used  for  cell  creation.  The  name 
"Microinterf ace"  is  selected  to  describe  this  chip.  Further 
references  to  the  entire  chip  are  made  using  this  name. 

A.  MAIN  FINITE  STATE  MACHINE  {MFSM} 

The  MFSM  generates  15  different  states  that  are  decoded  to 
provide  control  signals  to  the  [r.ultiple-/.ers  and  shift 
registers  in  the  LOW  and  HIGH  BYTE  MUX/EHIFTER  blocks.  Outputs 
include  states  a  -  o,  shift  register  function  controls  sO  and 
si,  multiple.\er  byte  selectors  muxa  and  muxb,  and  counter 
control  signals  ccunter_cJr  and  counter_en.  The  design  was 
extracted  directly  from  the  SSI/MSI  design  [Ref.  1],  and  a 
detailed  description  of  the  operation  may  be  found  in  that 
reference . 
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B.  COUNTER  FINITE  STATE  MACHINE  (CFSM) 

The  CFSM  inonitors  the  output  states  and  counter  contrcl 
signals  frcn  the  MFSM,  and  counts  from  zero  to  seven  when 
enabled.  While  the  CFSM  is  counting,  the  MFSM  is  dormant  and 
is  reactivated  when  the  CFSM  output  signal  cntr7  is  asserted. 

C.  BIGH/LOH  BYTE  MUX/SBIETER 

The  LOW  and  HIGH  BYTE  MUX/ SHIFTERS  are  identical 
functional  blocks.  Each  block  consists  of  a  n-to-I  byte 
multiplexer  and  shift  register.  The  most  important  function 
performed  by  this  block  is  the  parallel  to  serial  conversion 
of  information  and  vice  versa.  The  high  and  low  bits  of  the 
shift  register  connect  to  the  output  and  input  of  the 
appropriate  Serial  Data  Bus  (SDA) .  The  LOW  BYTE  MUX/SKIFTER 
connect..:  to  the  Serial  Data  Bus  Low  (SDAL)  ,  a.nd  the  HIGH  BYTE 
MUX/SHIFTER  connects  to  the  Serial  Data  Bus  High  {SDAHi . 

Four  possible  bytes  may  be  selected  by  the  multiplexer. 
Figure  11  shows  the  byte  formats.  For  simplicity,  only  the 
low-byte  format  is  shown.  The  high-byte  format  only  differs  in 
byte  2  and  would  be  D8-D15  vice  DO-DT ,  Byte  0  selects  a 
particular  chi?  in  a  bank.  Byte  1  addresses  one  of  512  memory 
locations  on  a  specific  chip.  Byte  2  is  t.he  data  to  be  written 
if  the  operation  is  a  write.  Byte  3  is  only  used  during  the 
read  operation  and  is  called  a  "dummy  read".  Bit  R/W  of  Byte 
0  indicates  the  desired  operation  to  the  NM24CF04.  When  set  to 
one,  a  read  operation  is  selected,  when  set  to  zero,  a  write 
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Byte  0 
Byte  1 
Byte  2 
Byte  3 

Figure  11  Byte  Formats. 

operation  is  selected.  The  R/W  position  is  hard  wired  to  a  one 
in  Byte  3.  As  discussed  in  Chapter  I,  the  high  nibble  'ICIO' 
forns  the  "Device  Type  Identifier". 

D.  I/O  BOS  CONTROL 

The  I/O  Bus  Control  Block  is  a  catch  all  group  of  circuits 
that  generates  the  remaining  required  signals.  These  signals 
include  the  required  shift  register  clocks,  SD.A/DAT.A  enables, 
NM24CF04  Starr/Stop  signals,  and  the  Acknowledge  enable  used 
to  capture  ACK. 
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E.  INTERFACE  DEVICE  OVERALL  CHIP  LAYOUT 

Figure  12  is  a  floor  plan  of  the  "Microin  ter  face"  IC 
showing  the  overall  layout  of  the  major  cells.  For  si-mplicity, 
the  required  cell  interconnects,  and  chip  pads  are  omitted, 
reducing  the  space  required  for  cell  interconnects  is  a  major 
consideration  when  planning  a  chip  layout.  This  particular 
layout  structure  allowed  for  minimum  distance  between  cells 
for  greater  compactness  and  less  wasted  chip  space.  T.he 
resultant  chip  is  nearly  square  measuring  four  millimeters  or. 
a  side.  Detailed  Magic  cell  layouts  are  provided  in  Appendi.t 
B. 


22 


III.  IMPLEHENTATION 


The  basic  logic  design  of  each  of  the  cells  used  in  the 
"Kicrointer face"  interface  device  are  shown.  This  will  provide 
insight  into  the  design  characteristics  of  each  of  the  cells. 
The  basic  cell  layouts  are  included  in  .Appendii:  B  so  that  the 
reader  can  see  how  the  cell  descriptions  given  appear  in  a 
Magic  layout. 

A.  CELL  CONVERSION 

The  ceil  plots  in  the  appendix  were  created  using  the 
Magic  function  cif,  which  creates  a  file  celi.cif  ;?.ef.  . 
The  .cif  file  is  then  converted  by  the  routine  cifTps.  In 
order  to  include  these  files  in  the  thesis,  further  conversion 
to  a  .OCX  file  was  needed.  The  following  conversion  is 
available  on  alioth  at  the  computer  center  as  follows: 

pstoppm  filename.ps  |  iraconv  -ppm  -  -pen  filename.pcx 
Note:  This  is  a  general  conversion  utility.  To  convert  to 
some  other  standard  format,  replace  pcx  with  the  extension 
of  the  type  of  graphics  you  want  to  convert  to,  i.c.  tiff, 
gif,  eps,  etc. 

B.  MAIN/COUNTER  FINITE  STATE  MACHINES  (MFSH/CFSM) 

The  MFSM  and  CFSM  were  developed  from  the  original  Peg 
programs  used  in  the  SSI /MS I  design  [Ref.  1] .  The  programs  may 
be  seen  in  Appendix  A.  Peg  generates  equations  in  a  minterra 
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Eashicn.  Tne  equations  are  expressed  as  tde  sum  cf  prccvuees 
and  are  easily  converted  using  DeMorgan’s  tnsorerr..  The 
resultant  equations  can  be  directly  implemented  using  two 
stage  NAI-IH-MAICII  Icgic.  As  an  example  cf  the  method  used,  the 
ocmiiinat  renal  logic  development  for  StateG  is  detailed 
starting  with  the  Peg  output  equation; 
itep  1;  Peg  equation 

•IPESETS  InStC’a  InSt  1  *■  4  I  InSt2  - 1  i 
i:-<ESE'r&  InStC'  i  tInStl*i  lnSt2») 

:!:-<£SET&  InStO'i!  InSt:*-i!  In$-2»'i  InStG*:^ 
i' !  HESETi  !  InStO*  i  InSti*4  InSt2*&  :nSt3*'ii 
::?.ESETi  entr'i  wri!lnst0*6  InStl^i  !  InSt-*s  I  InSt3* ; 

The  syiriools  'I',  and  ’4'  represent  Ok,  N-QT,  and  AlJE 

operations,  respecti vely .  Converting  the  eguation  to  a  more 

manageable  format: 

SiateO^  {RESET'Q0'Q1-Q2]  +  iRESET-O0-Ol-Q2)  + 

{RESET-00’Qi-Q2-Q3)  +  { RESET-Ql'02'03)  + 
\RESET’cnt:z7-wr-00-01-02‘03] 


step  1:  Apply  CeMorgan’s  theorem 

StataO=  {RESET’Q0’Q1'Q2]  •  j  RESET'OO'Ql-02)  ■ 

iRESET-Q0''^'02-03)  •  {RESET'^-Q2'03)  • 

{ RESET’cn  tr7-wr •'QO -Ql  -02 -QS ) 

The  equation  is  now  in  the  NAND-NAND  form  and  can  be  directly 
implemented  with  one  seven  input,  two  five  input,  and  three 
four  input  NAND  gates. 
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=  -ep  'Jt 

A  njliec^tion  ii  Xj^«(  r*llr  •»r*  ter  iii§ 

u*  «  njer-ir-^Mal  Jesijn  ">i  *h«  larger  ^iia.  Tnc  Kao.  - 
>:  £*at«0  •♦ith  iT>vtr*»r»  «Jd--a  vt  in  14.  I^tdilwi 

nysu'-a  •.••«  be  Jeen  :n  Apper.d:.|:  8. 


ffifvra  14  £t«teO  Ma^tc  Layciuc. 
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C.  HIGB/LOK  BYTE  MDX/SHIFTER 

The  HIGH/LOK  BYTE  MUX/SHIFTERs  consist  of  two  ce.ls  each. 
A  4-to~l  byte  multiplexer  (MUX)  and  an  6 -bit  shift  register. 
The  4-to-l  byte  MUX  consists  of  a  bank:  of  eight  4-to-l  bit 
multiplexers.  Bytes  are  selected  by  muxa  and  .muxb  as  discussed 
in  Chapter  2.  The  shift  register  is  a  bidirectional,  parallel- 
in,  serial-out,  serial-in,  parallel-out,  general  purpose  shift 
register.  Bath  the  MUX  and  shift  register  car.  be  found  in  all 
basic  digital  design  books. 

D.  I/O  BUS  CONTROL 

The  I/O  BUS  CONTROL  was  extracted  from  the  EFLD  programs 
used  in  the  SSI/MSI  implementation  [Ref,  1]  .  The  design  method 
paralleled  that  used  in  the  MFSM  design.  Extracted  equations 
accompany  the  respective  cell  layouts  found  in  Appendix  3. 

E .  POHER  ESTIMATES 

Electromigration  is  the  transport  of  metal  ions  through  a 
conductor  that  results  from  excessive  current  density  in  the 
conductor.  In  order  to  determine  the  minimum  size  of  power  and 
ground  conductors,  an  estimate  of  current  density  must  be 
made.  If  the  maximum  current  density,  for  a  specific  size 
conductor,  is  exceeded,  the  conductor  may  weaken  and 
eventually  blow  like  a  fuse  [Ref.  8], 

SPICE3C1  was  used  for  do  and  ac  analyses  to  determine 
power  consumption  of  each  circuit. 


28 


1.  static  Power  Dissipation 

The  static  power  consumption  is  defined  as  worst-case 
leakage  current  multiplied  by  Vdd  in  any  specific  device.  The 
results  for  each  of  the  elementary  cells  used  in  the 
Microinterface  device  are  shown  in  Table  I. 


Table  I  STATIC  POWER  DISSIPATION. 


CELL 

CELL  POWER 

No.  of  CELLS 

TOTAL 

BUFF 

5.5C  uW 

25 

136  uK 

IIA'l 

14  6  nW 

122 

1-7.8  uW 

im'4 

5.60  uW 

83 

465  uW 

NANC2 

4  95  nW 

143 

70.  B  uW 

NANL'3 

354  nW 

91 

7  7.7  pW 

NAND4 

861  nW 

38 

32.7  pW 

N.^KD5 

890  nW 

14 

12.5  uW 

K.AND6 

253  r.W 

16 

4.05  uW 

NAND^ 

4  04  nW 

3 

1.21  jW 

tiAND8 

202  nW 

1 

202  nW  i 

NWn'DIO 

1.04  pW 

1 

1.04  uW 

NOR  2 

356  pW 

4 

1.42  nW 

NOR  3 

369  pW 

2 

7  38  pW 

NOR  4 

0.585  pW 

2 

1.17  pK 

KCR5 

0.585  pW 

2 

1.17  pW 

X0R2 

55.5  nW 

8 

444  nW 

TOTALS  1 

16.3  uW 

555 

821  uW 
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2.  Dynamic  Power  Dissipation 


The  dynamic  power  dissipation  is  defined  as  the 
current  drawn  by  the  cell  during  transition  multiplied  by  Vdd. 
The  total  power  dissipation  for  the  device  is  then  calculated 
by  multiplying  by  the  number  of  devices  used  of  each  type.  The 
results  may  be  seen  in  Table  II. 


Table  II  DYNAMIC  POWER  DISSIPATION. 


CELL 

CELL  POWER 

No.  of  CELLS 

TOTAL 

BUFF 

9.25  .mW 

25 

231  mW 

INt'l 

2.57  mW 

122 

314  mW 

IN'.-<i 

3.81  ir.W 

83 

316  mW 

NAND2 

2.45  mW 

143 

350  mW 

NAND3 

2.4G  .mW 

91 

224  mW 

NAND4 

2.48  mW 

38 

94 . 2  inW 

NA.ND5 

2.54  mW 

14 

35.6  row 

NAND6 

2.52  mW 

16 

40.3  .row 

M.A.ND7 

2.35  mW 

3 

7.05  mW 

NA.\D8 

2.40  mW 

1 

2.40  mW 

NAI.’DIO 

2.40  ir.W 

1 

2.40  mW 

N0R2 

1.10  mw 

4 

4.40  mW 

NOR3 

1.18  mW 

2 

2.36  mW 

NOR4 

1,18  mW 

2 

2.36  mw 

N0R5 

735  pW 

2 

1.47  row 

XOR2 

994  pW 

8 

7 . 95  .row 

TOTALS 

40.r,W 

555 

1.64  W 

F.  MICROINTERFACE  PHYSICAL  IMPLEMENTATION 

After  the  actual  chip  is  constructed,  physical  wire-up  of 
a  test  circuit  'will  be  required.  Possible  circuits  car.  be  seen 
in  Append! Z.  Two  implementations  are  sho'wn,  and  both  shci-J 
only  the  memory  side  of  the  circuit,  the  reader  should  refer 
to  the  microprocessor  user's  manual  [Ref.  'ij  for  circuit 
configuration  in  the  minimum  mode.  First,  Figure  5C  shows  the 
interface  device  connected  in  the  most  elementary  manner.  The 
chip  is  intended  to  connect  directly  to  the  SIA,  lata,  and 
A.ddress  busses  with  no  e>:tornal  line  drivers.  If  desired,  the 
user  may  incorporate  external  line  drivers  and  connect  the 
circuit  as  shown  in  Figure  57.  The  device  provides  enable 
lines  for  each  bus.  In  each  ca.se  a  chip  select  circuit  must  be 
provided  by  the  user  to  select  the  main  memory  address  where 
the  ferroelectric  memory  is  installed. 
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IV.  TESTING 


All  ".agic  cells  were  tested  with  the  Esi-'n  simulator 
discussed  in  Chapter  I.  Each  ma^or  block  of  the  hierarchy  was, 
ir.  turn,  tested  with  Esim.  The  elementary  cells  were  tested 
with  SFICE  to  observe  transient  behavior.  The  operation  of  the 
chip  may  be  fully  verified  by  testing  the  MFSK,  CFSM,  High/ Low- 
Byte  Mu:</ Shifter ,  larger  cells  of  the  I/O  Bus  Control,  and  a 
pad- to -pad  check  of  the  entire  chip.  Esim  outputs  of  each  of 
these  may  be  seen  in  .Appendix  C. 

A.  MAIN  FINITE  STATE  MACHINE 

The  M?SM  inputs  include  a  clock  {CLK) ,  flip-flop  preset 
;PK;,  flip-flcp  clear  {CLR) ,  read  high/write  low  (wr),  count 
to  seven  (c,ntr7),  SDA  acknowledge  (ack),  and  chip  select 
i-'ferrc).  The  outputs  are  states  (a-o!  and  multiplexer  inputs 
:_mi3xa,  muxb,  sO,  and  si)  .  The  circuit  was  stepped  through  all 
states  and  all  outputs  verified  correct.  After  verifying 
proper  operation  of  PR  and  CLR,  they  were  tied  to  Vdd  as  they 
were  used  only  for  testing. 

B,  COUNTER  FINITE  STATE  MACHINE 

The  CFSM  inputs  are  counter_cJr  and  counter_en.  The  signal 
oounter_cJr  occurs  in  states  b,  d,  f,  k,  and  m  to  clear  the 
counter.  The  signal  counter_en  occurs  in  states  c,  e,  g,  1, 
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and  n  to  enable  the  counter.  ?hc  state  outputs  of  CFS''  are 
available  for  use  with  the  bus  timing  circuitry.  in 
particular,  state  1  is  used  to  clear  the  ack  capture  circuit 
in  the  I/O  Bus  Control.  The  signal  c.ntrT  is  output  when  the 
CFSM  cyc:.e  IS  complete. 

C.  HIGH/LOW  BYTE  HUX/SHIFTER 

The  High/ Low  Byte  Mu:-:/ Shifter  monitors  .mu.va,  .7!L,t':b,  at,  and 
si  control  signals  to  perform  the  loading  and  shifting 
operations  of  the  four  bytes  discussed  in  Chapter  II.  Correct 
operation  with  a  representative  bus  cycle  is  shown  in  Append!:-: 

D.  I/O  BUS  CONTROL 

The  I/O  Bus  Control  section  covers  all  remaining  signals 
used  to  manipulate  the  Serial  Clocics,  Start/Stop  condition, 
ack  capture,  RDY,  and  the  enable  lines  for  the  external  line 
drivers.  Complete  computer  simulation  using  Esim  may  be  seen 
in  Appendix  C. 

E.  PAO-TO-PJU)  VERIFICATION 

The  pad-to-pad  verification  is  the  result  of  several 
iterations  of  testing  of  each  major  subcell.  During  this  phase 
of  testing,  many  problems  were  discovered.  Some  problems  were 
easily  rectified.  However,  the  acknowledge  enable  (AC:<_EN) 
would  not  function  using  a  bidirectional  SDAL  pin 
configuration.  Redesign  of  the  ACK_EN  capture  circuit  was 
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req-jired.  Proper  operation  was  finally  achieved.  Anot.her 
significant  problem  encountered  was  the  numbering  order  cf  the 
address/data  bus  into  the  shift  register.  The  I'n<2<CFC4 
manufacturer's  documentation  [Ref.  ’ll  is  not  clear  as  to  which 
bit  should  be  shifted  into  the  device  first.  The  final  design 
used  the  bit  order  determined  in  the  previous  MSl/SSl  study- 
The  most  significant  bit  of  the  respective  address  or  data 
byte  is  shifted  into  the  NM24CF04  first. 

Referring  to  Appendix  C,  Section  M,  a  typical  read  cycle 
can  be  seen.  Ferroelectric  memory  address  FF-.,  is  addressed  in 
both  the  low  and  high  banks.  The  MFSM  states  are  monitored  for 
clarity  cf  operation.  Control  bytes  0  and  3  can  be  seen  on  the 
SDAL/K  bus  during  states  c  and  1.  The  address  FF;._.  is  on  the 
bus  during  state  e.  The  NM24CF04  responses  with  the  data  bytes 
OIOIGIOI;  for  D0-D7  and  10101010;  for  DB-D15  during  state  c. 
The  typical  write  cycle  is  verified  in  a  similar  manner. 

The  pad-to-pad  verification  required  careful  consideration 
cf  the  operation  of  the  bidirectional  pins.  It  should  be  noted 
that  the  SDAL/H  bus  pins  were  only  driven  when  the  N‘M24CFC!4 
would  be  expected  to  respond.  Otherwise,  a  'don't  care' 
condition  was  applied  to  allow  monitoring  of  the 
Microinterface  output. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS 

The  "MicroinLerface”  inr.erface  circuir.  has  beer,  besigr.ed 
rcr  intpleirenha'.ior.  on  a  single  chip.  Although  “Micrcinterf 3cc” 
-.vas  designed  for  a  standard  CMOS  process,  the  single  chip 
inpleroenraticr.  without  EFLD's  and  the  shear  reduction  of  size 
is  a  new  contr  ifcution  to  microprocessor  memory  syste.T 
technology.  The  original  S3I/M3I  implementation  required  Sr 
chips  while  implementation  using  the  "Microinterface"  chip 
would  require  cr.ly  ’S  chips. 

This  research  project  provides  the  necessary  follow-on 
study  for  YiSI  implementation  of  the  required  digital 
circuitry  to  utilize  ferroelectric  memory  as  a  portion  of  main 
microprocessor  memory.  The  use  of  ferroelectric  technology 
would  provide  a  radiation  hardened  and  nonvolatile,  yet 
modifiable,  area  of  memory  where  mission  parameters  or  new 
programs  could  be  stored.  This  VLSI  implementation  would  more 
easily  allow  the  incorporation  of  the  NM24Cr04  mem.ory  device 
in  a  microprocessor  based  system.  The  use  of  ferroelectric 
memory  in  any  system  would  combine  the  strengths  of  current 
technologies;  the  flexibility  of  BAM  and  the  nonvolatility  of 
ROM. 
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?ne  ferroelectric  memcry  device  is  inherently  slow  dee  tc 
the  serial -access  design.  Cenversien  of  the  address /data  fror. 
parallel  to  serial  fcr.-.at  requires  the  nicroprocesscr  to  wait 
an  inordinate  aaiount  of  tir.e  for  nencry  access.  As  the 
ferroelectric  technolcgy  evolves,  what  is  really  needed  is  a 
ferroelectric  integrated  circuit  that  is  accessed  by  r.eans 
compatible  with  current  FAM  accessing  techniques.  The 
availability  cf  a  parallel  accessed  ferroelectric  nemcry  would 
vastly  improve  read  and  write  cycle  tir.es. 

B .  RECOMMENDATIOKS 

i;  Fabricate  chip  and  test  in  a  circuit  similar  tc  the 
criginai  SSI /MS I  circuit. 

2)  Design  and  implement  circuitry  required  for  use  with 
the  Motorola  €3000  microprocessor. 
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APPENDIX  A:  PES  PROGRAMS 


A.  MAIN  FINITE  STATE  MACHINE  INPUT 


1%'PVTS :  RESET  ferro  cntr?  ack  wr; 

CVTPUTS:  sl  s:  mu;:a  a  b  c  d  e  f  g  h  i  :  >  1  rr.  n  c; 

start;  ASSERT  a; 

IF  t;CT  ferro  THEN  stateb  ELSE  LCCP; 

stateb:  ASSERT  b  sl  sO; 

C-OTG  statec; 

statec:  ASSERT  c  sC; 

IF  cntrT  THEN  stated  ELSE  LCC?; 

stated:  ASSERT  d  muxa  sO  sl; 

IF  ack  THEN  statee  ELSE  LOOP; 

statee:  ASSERT  e  sO; 

CASE  !cntr7  wr) 

1  0  =>  statef; 

1  1  =>  statej; 

ENDCASE  =>  Statee; 

statef:  ASSERT  f  sO  sl  muxb; 

IF  aclc  THEN  stateg  ELSE  LOOP; 

stateg:  ASSERT  g  sO; 

IF  cntrf  THEN  stated  ELSE  LOOP; 

Stated :  ASSERT  h; 

GOTO  State!; 

state!:  ASSERT  !; 

GOTO  start; 

statej:  ASSERT  j  sO  sl  muxa  muxb; 

IF  ack  THEN  statek  ELSE  LOOP; 

statek:  ASSERT  k  sO  sl  muxa  muxb; 

GOTO  St ate 1; 


statel:  ASSERT  1  sO; 

IF  cntrl  THEN  statem  ELSE  LOOP; 

statem:  ASSERT  in  sO; 

IF  ack  THEM  Staten  ELSE  LOOP; 

Staten:  ASSERT  n  sO; 

IF  cntr7  THEN  stateo  ELSE  LOOP; 

stateo;  A.SSERT  o; 

SOTO  start; 

B.  MAIN  FINITE  STATE  MACHINE  OUTPUT 

INCRDER-- 
RESET 
f  erro 
cntr7 
ack 
wr 

InStC* 

InStl* 

In3t2* 

InStS*; 

0’JTORDER= 

OutStJ* 

OutSt2'' 

OutStl* 

OutStO* 

Si 

SO 


b 


d 


g 

h 


n 
o ; 

OutSt3*= 

{ 1  RESETS !cntr7&  InStO*&  InStl *&! InSt2*&  :nSt3*)( 
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i'RESSTi  ack&  Ir.StO*S  InStl ‘5  !  InSt2*5, !  InSt  i  | 

1 'RESETS  lcntr“«,  InStO*  s  1  InSr.l*  s  InSt^^s  InSt3*; 

!  [RESETS  InStO*s  !Ir;Stl*s  InStZ*  s  !  InSt3»  :■  | 
l  [RESETS  :  ackS  InStO*S  !  InStl  *S  !  :nSt2*S  I:iSt3*j 
'[RESETS  cntrTs  !  inStS*S  InSt2*  S  [  InSt3* ':  | 

! [RESETS  lacks !InStO*s  InStl*s IInSt2*s  InSt3*)| 
'[RESETS  cntr7s  !  :r.StC*S  Ir.St  i  *  S  1  Ir.St  2*  S  IlnS  1 3*  !  | 
■;  [RESETS  1  acks  [  TnStO*& I  InSti*S  InSt2*S  InSt3*)' 

1  [RESE'Sl  fsrrosl  InStO'S  I  Ir.Stl'S  !  Ir.st2*&:  In3t3*)  ; 

'"'[RESETS  cr.trTs  InS'O'-s  IriStl*s  I  Ir'.St2*s  InSt3*;‘ 

•  I  RESETS  [cr.crls  InStO'S  1  InStl^S  InSt2»s  InSt3*i| 

;  :  RESETS  !  Ir.Stl*S  Ir.St2*S  !  InSt3*  )  . 
i  [RESETS  acks  InStO*s  !  InSti*s  !  ;nSt2*s  :r!St3*'} 

;  [RESETS  1  InStO^S  InStl*S  [r.St2  *  s  !  InSt  3*  1  ; 
([RESETS  acksi:nStO*S  InSt  1  *s ! TnStE’ s  InStS"} ! 

I  [RESETS  [acks  !  I.nStO*s  1  :.nSt;l*s  :nSt2'*s  TnStj*';  ' 

(1  RESETS  lIr:StO*-S[In3tl*S[InSt:*S  InStj'i  ; 

’ilRESETS  InStG*S  InSt 1* S 1 In£t2' M 
{■RESETS  cntrTs  InStC*S ! InStl* S  InSt2’S  InStJ*' 

' [RESETS [InStO*S  InStl'S  InSt2*S [ InSt3* i 
!!  RESETS  r  IriStO*S  InStl*S  [  InSt2*  S  TnSt:3*) 

[[RESETS  cntr7s [ wrS ! InStC’ S  InSti’S ! InSt2*S ! InSt 
i  !  RESETS  !  cntrTs  !Ir.StO*S  InStl’SlInStZ'SlInStS'';  I 
([RESETS  ackS  !  InStO’S  !  IrStl*S  Ir.St2*i  IriSt3*); 

[RESETS  InStC-S  InStl*S  [  :nSt2*  )  | 

([RESETS  InSt.O*s!  :r!St:*S  :nSt2*i  I 
([RESETS  IrsStO'S  !  Instils  !  :nst2*s  InSt3*)l 
(  [RESETS!  InStO^S  InStl’-S  ;nSt2-S  Ir.St3*)l 
([RESETS  cncr^s  wrs[InStO*s  InScl* s I InSt2*s ! InSt 

sl  = 

(  I.nSzO*s[  InScl*s  InSt2‘-s  !  InStS*)  | 

(  [  Ir.3ci*s  !  InSt2’&  Ir.St3*)  ! 

([InStO*s  InStl*  s  [  Ir.St2*s  Ir.Sc3*)  I 
!  [InStO*s[InStl*s  InSt2*S  Ir.St3*}; 

sO= 

I  InStO*s  InStl*sl InSt2*; I 
(  [Ir.Stl*&  InSt2*!  | 

( [ InStl*s!InSt2*&  InSt3*) I 
([Ir.StO*s  InStl*& [  InSt3* )  I 
([InStO*s  InStl*& [ InSt2*s  InStB*); 

[auxa= 

(  InStCl*S  [  InStl*S  InSt2*S  !  :nSt3*)  I 
(  Ir.StO*S[InSti*S!InSt2*S  rr.St3*)l 
:  [Ir.StO*S!InStl*&  :nSt2*s  :nSt3*); 

!nL:xb= 

(  InStO'SlInSt:*S  InSt2*S !InSt3*) I 
!  InStO'S!InSt:*S! :nSt2*S  InSt3*)l 
(IInStO*s  InSt:*s!:nSt2*s  InSt3*!; 
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( ! InStO*&lInSt:*4! rnSt2*i ! In3t3*) 
b= 

■; :  InStO*&i  InStl*&:  IriSt2*&  InStS*) 

i ! InStO*&! InStl'i  InSt2*i ! InSt3*; 
d= 

,  :  Ir.StC*& !InSti*S  ;nSt2*&  InStS*; 

■:  :  InStO*&  InStl*  &  !  :nSt2*&!  InSt3*) 

MlnStO't  InStl*&!  InSt2*i  InSt3*) 

:!InStO*&  InStl*&  InSt2’'£  !  InSt3*) 

)!:n3t0*&  :r.Stl’'£  InSt2*&  ;nSt3*) 

(  InStO*&:  Ir.Stl*&!  Ir>3t2*&!:nSt3*l 

■:  InStC*i:  ;nStl*i!  InSt2*&  In3t3*) 
k- 

;  InStO*& !  :nStl*4  I riSt2*  £  !  In3t3’ } 

1  = 

!  InSt  !  InSci''&  Ir.St2*6<  InSt3*) 

iri= 

(  In3tC*£  InSti^i 1 InSt2*& ! InSt3*) 
n= 

(  In3tO*S  InStl*£ ! InSt2*£  InSt3*) 
C= 

(  InStO*£  InStl'i  InSt2*& ! InSt3* ) 

C.  COUNTER  FINITE  STATE  MACHINE  INPUT 

INPUTS;  RESET; 

OUTPUTS:  cntr7; 

start: 


ASSERT  cntr7; 
GOTO  Start; 
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D.  COUNTER  FINITE  STATE  MACHINE  OUTPUT 


:t;oRDH;p= 

RESET 
Ins  to* 

InStl* 

Ir.St2*; 

■:jTTORTE:^= 

0;:tSt2* 

OutSt ■ * 

OutStO* 
cntr'T ; 

Ct.tSt2*  = 

;  I  RESET  & ! In3t2  * ) ; 

'  !  RESETS  InSti*&:inSt2*)  | 

(! RESETS : InSti*&  InSt2*); 

!  RESETS  InStC*S!InSt2*)  | 

('RESETS  IriStO*i!InStl*S  InSt2*)  I 
:  lRESETS!InStC*s  InStl*s  Ir.St2*)  ; 

:  InStO‘'S  Ir:Stl*s  InSt2*i; 
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APPiarOIX  C:  SIMUXATION  DATA 


A.  MAIN  FINITE  STATE  MACHINE  SIMULATION 

ESIM  (V3.S  D3I27I91) 
initialization  took  S9S  atapa 
initialization  took  0  atapa 

>01 01 0101910101010101010101 0191010101010101 01  D101010;CLK 
> 111  11 11  111  111  11 11 11 11 11  111  11111 1111 1111 11111 11111 11;PR 
> 111  11  111  111  1111 1111 11 11 11111 1111 1111111 11  111  11 11 11 1:CLH 
>1111111111111111111111111111111GaaaODOOOODOOOOOOOOD;wr 


>  111111 1100901  111  1111 11111 11111 11 1111110000111 111111:entr7 
>111  111  111  11 11  111  11 111000011111 11111111 11111 11100001:aBk 
>0000111 11  111  11 1111 11 11 11111 11111111111 11  111  11 11 1111:’tarro 


>000901  111  111  11 11 1111 11111 11 110000111 11 11  111  11 1100DO:aO 
>000901 10000001 100111 100000000000011001 10D0011000000:a1 
982  tranaiatora,  SOS  nodea  (0  puilad  up) 
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B.  COUNTER  riNITE  STATE  MACHINE  SIMULATION 

ESIM  (V3.S  03/27191} 
initialuation  took  143  atapa 
initialization  took  0  atapa 

>01010101910101010101 0101010101 0101010101  ;CLK 

>1111111111111111111111101111111111111111:CLR 

>1111111111111111111001111111111111111111:PR 

>1l111l111111111111t111111111111111111111:!RESET 

>iooQoaoaocooooaiiooiiooooaooooaooooooiio:cntr7 

196  tranaiatora,  104  nodoa  (0  pullad  up) 

C .  ACK_EH  SIMULATION 

ESIM  (V3.5  03127/91) 
initialization  took  20  atopa 
initialization  took  0  atapa 
>010001000:c 

>  11111 0000;cntr7 

>  000000000:CLK 
>000010001:o 
>0001 0001 0;g 
>001000100:1 
>011110000;OUT 

34  tranaiatora,  2i  nodoa  (0  pullad  up} 

D.  LSSEN  SIMULATION 

ESIM  (V3.5  03/27/91} 
initialization  took  24  atapa 
initialization  took  0  atopa 
>00000000001111111111:40 

>  11000000001100000000:6 
>00110000000011000000:1 

>  00001 1 000000001 10000:h 

>  00000011000000001100:6 

>  00000000 1 1 000000001 1;o 
>Ot100110100110011010:CLK 

>  0 1 1 1 1 0 1 0 1 1 0OOOOOOOOOaa_START_S  TOP  EN 
36  tranaiatora,  27  nedaa  (0  pullad  up) 
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E.  HSSEN  SIHUIATION 


ESIM  (Va.S  03127/91) 
initializatiofl  took  2B  atapa 
initialization  took  0  atepa 

>111111  111  11111 1111 11 11  111  1111 11 11111111111 11111 1111 1111 1111  111  11;!BHE 
>01010101010101010101 01 0101010101Q101Q1010101 01 01 0101010101010101:c 
>0011001100110011001100110D11001100110011001100110011001100110011:a 
>0000000000000000111 11111 11 11 1111000000DOOOD000001 11111 11 11  111  11 1:g 
>0000000000000000000000000000000011111111111111111111111111111111:1 
>000011110000111100001111000B1111oa001111fl00011110000111100001111:m 

>000000001111111100a000001111111100000000111111110000000011111111:n 
>0000111111111111000011111111111100001111111111110000111111111111:01  SR  SH 
IFT_CLK 

30  tranaiatara,  20  nodea  (0  pull  ad  up) 


ESIM  (V3.S  03)27191) 
initialization  took  20  atopa 
initialization  took  0  atepa 

>1t11111111111111111111111111111111111111111111111111111111111111;ClK 

>01010101 010101010101 010101010101 01010101 0101010101010101010101 01:c 
>001100110011001100110011 001 1001 1 001 1001 1 001 1 0011001 1001 100110011  :o 
>0000000000000000111111111111111100000000000000001111111111111111:9 

> 0000111 100001 111000011 11000011 1100001 11 1000011 1100001 1 110000111 1:m 

>oDoaooooiiiiiiiiaoooooooiiiiiiiiooooooooiiiiiiiiooooooooiiiiiiii:n 

>0000000000000000000  DO  00  00000000000  OOOOOOOODOOOOOODOOODOOOOOOOODO:H  IS  R_SH 
IFTCIK 

36  tranaiatora,  28  nodea  (0  pulled  up) 
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P.  HISRSHIF  SIMULATION 


ESIM  IV3.S  03/27191) 
initialization  took  28  atapa 
initialization  took  0  atopa 

>111111111 1111 1111 11  111  11  111  11  111  11 11111 11 11  111  11  111  11 11  111  1111  llrCLK 

>  11111111111111111111111111111111  t111inil11111111111111111111111:!BH£ 
>QiaiaioiaiaiaiaiaiDiaioiaiaioioioiQiaiQiQioii]ioiDioioioioiaiDiDi:c 
>001 1001 1801 1001 10011001 10011001 1001 10011001 10D1 1001 10011001 10D11:o 

>  00000000000000001 111111111111111 00000000000000001 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1:g 

>00001 11 1000011 11000011 11000011 1100001 11100001 11 100001 111000011 11;in 

>0000000011111111000000001111111100D00000111111110000000011111111;n 
> 011  10111011101111 t1111111111111111111111111111111111111111111111;HISR_SH 
IFT  CIK 

30  tranaiatora,  28  nodea  (0  pullad  up) 


ESIM  (V3.S  03/27/91] 
initialization  took  28  atopa 
initialization  took  0  atopa 

>111 111111111 11111 1 11111 11111 11  111  11 11111111111 11111 11111  111  111  11;!BHE 
>010101010101 010101 01010101 01 010101010101 01 010101010101 01 01010101:c 
>0011001100110011001100110011001100110011001100110011001100110011:8 

>  00000000000000001 111111111111111 00000000000000001 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  ;g 

>00001 1110000111 100001 11 10000111 10000111100001 111000011 110000111  l;m 

>  000000001 1111111 0000000011 1 1 1 1 1 1 0000000011 11111 1000000001 1 1 1 1 1 1 1:n 
>00001111111111110000l1111111111100a0111t11111111DDOD111111111111;HI  SR  SH 
IFT_CLI{ 

30  tranaiatora,  20  nodaa  (0  pulled  up) 
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ESIM  (V3.S  03/27191} 
initialization  took  20  atapa 
initialization  took  0  atapa 

>111111  111  11 11 1111 11111111 1111 1111111 11 1111 11111 11 11 11 11 11 11  111  11:CLK 

>0101  Dial  0101 01 01 01 01 01 01 01010101 01010101  Oiai010101D1D10101D101D1:c 
>001 1001 1001100110011001100110011001100110011001 1001 1001 1001 10011:o 

>000011 110000111 1000011110000111100001111000011 110000111 1000011 11:m 
>  000000001 11111 11000000001 1111111 000000001 1111111 0000000011 1 1 1 1 1 1  :n 

IFTCLK 

30  tranaiatort,  28  nodaa  (0  puMad  up) 


ESIM  (V3.5  03(27/91) 
initialization  took  20  atapa 
initialization  tank  0  atapa 

>01010101010101010101010101 01010101 01 010101010101 0101 01 01 010iai01:B 
>0011001100110011001100110011001100110011001100110011001100110011:6 

>00001 111000011 110000111 100001 1110000111100001 111000011 1100001 111:in 
>  000000001 1111111 000000001 11111 110000000011 11111 1000000001 1 1 1 1 1 1 1  ;n 

IFTCLK 

30  tranaiatora.  20  nndaa  (0  pullad  up) 
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G.  L0SR5BIF  SIHUIATIOM 


ESIM  (V3.5  03f27f91) 
initialization  took  2B  stopa 
initialization  took  0  atapi 

>0101010101010101010101010101010101010101 01 01010101 01  D101010101010;e 
>00110011001100110011001100110011001100110011001100110011001100110:6 
>00001111000011110000111100001111000011110000111100001111000011110:9 
>00000000111111110000000011111111000000001111111100000000111111110:1 
>00000000000000001111111111111111100000000000000001111111111111111:6 

HIFTCLK 

36  tramittori,  28  nodat  {0  puiiad  up) 

ESiM  (V3.5  03f27|91} 
initialization  took  28  otops 
initialization  took  0  atopi 

>1111111111i11111i111111111111111111111111111111111111111111111111;CLK 
>11I11111111111111111111111111111111111111111111111111111I11111111:!A0 
>01810101018101 01 01010101010101 01010101010101 0181010101 01810101010;e 

>001100110011001100110ai100110ai1001100110011001100110011001100110:o 

>00001111000011110000111100001111000011110000111100001111000011110:9 

>00000000111111110000000011111111000000001111111100000000111111110:1 

>ooaoooooooaoooooiiiiiiiiiiiiiiiiioooooQOQaooooDooiiiiiiiiiiiiiiii:n 

>01111111111111110111111111111111011111111111111101111111111111110:10  SR  S 
HIFTCLK 

36  trantiatora.  28  nodea  {0  pulled  up) 
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B.  HISIOOAD  SIMULATION 


ESIM  (V3.5  03(27191) 
initialMation  tooli  15  alapa 
inhialization  took  0  atapa 

>  01010101010101010101 0101010101010101D101010101010101010t01010101:!CLK 

>0011001 100110011001100110011001100110011001  toonooiiooiioaiiooii:iBHE 
>0000111100001111000011110000111100001111000011110000111100001111:0 
>000000001  ill  11 1100000000111 111110000000011111 11 1000000001  111  11 11:d 
>0000000000000000111111111111111100000000000000001111111111111111:1 

> 00000001 000100010001000100010001 aooioooioooioooioooioooioooioooi:HisH_Lo 
AD_CLK 

IB  traaaiatora,  17  nodaa  (0  pulled  up) 

I .  LOSRLOAD  SIMULATION 

ESIM  (V3.5  03)27191) 
initialization  took  15  atapa 
initialization  took  0  atapa 

>01010101010101910101010101010101010101 01 01010101010101010101010I:!AO 

>0011001100110fl1100110ai100110011001100110011001t0011001100110011:!CLK 

>0000111100001111000011110000111100001111000011110000111100001111:5 

>0000000011111111000000001111111100000000111111110000000011111111:0 

>0000000000000000111111111111111100000000000000001111111111111111:1 

>0000000000000000000000000000000011111111111111111111111111111111:5 

> 00000001 0001 00010001000100010001000100010001 000100010001 00010001:LO_SRLO 

ADCLK 

10  tranaiatora.  17  nodaa  (0  pulled  up) 
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J.  LOCLKDIS  SIHUIATION 

ESIM  (V3.S  03(27(91) 
initialization  took  41  atopo 
initializotion  took  0  atopo 

>  iiiaooaoooDaDinooooooDOOOin 

>00011 0000000000011  OOOOOOOD:a 

>  000001 1 000000000001 1 000000:i 

>  00000001 10000000000011 0000:h 
>00000000011000000000001100;) 
>000000000001100000000Q0011:o 

>  10iai010101011010iai010101:CLK 

>  00000000000001 1 1 1 1 1 11 1 1 1 1 1:!BHE 

>  000001 1 000010000001 1 00001 0:STOP_ST  ART  SET 
54  tranaiatora.  39  nodes  (0  pulled  up) 


K.  HIGB/LOH  BYTE  MUE/SHIFTER  SIHUIATION 

ESIM  (V3.5  03(27(91) 
initialization  took  740  atepa 
initialization  took  0  atepa 

>Q1010iai01010iai0101010101010101010101010101D101Q1010l0101Q10101;CLK 

>1111111111111111111111111111ini11111111111111111111111111111111:PR 

>111111111111111111111111111111111111111ini111111111111111111111:CLR 

> 111111111111  111  111  111  111  11  111  11  111  11  111  11 11 11  111  11  111  11 1111 11 111:S0 

>1111111111111111111111111111111111111111111111111111111111111111:502 

>1111111111111111111111111111111111111111111111111111111111111111:504 

>1111111111111111111111111111111111111111111111111111111111111111:505 

>1111111111111111111111111111111111111111111111111111111111111111:507 

>1111111111111111111111111111111111111111111111111111111111111111:508 

>1111111111111111111111111111111111111111111111111111111111111111:511 
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>OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOaOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOO;bl7 

>11111t111111111111111111t11111111t1111111111111t1111111t111111t1;b18 

>11111111111111111111111111111111111111111111111t1111111111111111:b21 

>1111111111111111111111111111111111111111111111111111111111111111:822 

>1111111111111111111111111111111111111111111111111111111111111111;b23 

>1111111111111111111111111111111111111111111111111111111111111111:824 

>0000000000000000000000000000000000000000000000000000000000000000:b2S 

>1111111111111111111111111111111111111111111111111111111111111111:826 

>1111111111111111111111111111111111111111111111111111111111111111:b27 

>1111111111111111111111111111111111111111111111111111111111111111:828 

>1111111111111111111111111111111111111111111111111111111111111111:831 

>1111111111111111111111111111111111111111111111111111111111111111:832 

>1111111111111111111111111111111111111111111111111111111111111111:833 

>1111111111111111111111111111111111111111111111111111111111111111:835 
>1111111111111111111111111111111111111111111111111111111111111111:838 
>1111111111111111111111111111111111111111111111111111111111111111:837 
>1111111111111111111111111111111111111111111111111111111111111111:838 
>0001100111100111111001111111180111111111100111111111111001111111:41 
>0110011110011110000111111110011001111110011111100111100111111110:42 
>0001111001111000011111111001100001111001111110000110011111111000:43 
>0111100111100000011111100110000001100111111000000001111111100000:44 
>0118011110000000011110011000000000011111100000000111111110000000:45 
>0001111000000000011001100000000001111110000000000111111000000000:46 
>0111100000000000000110000000000001111000000000000111100008000000:47 
>0110000800000000011000000000000001100000000000000110000000000000:40 
344  trancistort,  515  nodaa  (0  pullad  up) 
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L.  SRBUSEH  SIMULATION 


ES1M  (V3.5  03127191) 
initializition  look  103  stapt 
initialization  took  0  atopo 

>  000000011000000000000000001 lOOOOOOOOOODig 
>iai101010100000011111011101010000001111:CLK 

114  trantittort,  57  nodat  (0  pullad  up) 
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UfVatDlX  S:  PWLXHIMAflY  DATA  SBCST 


Csmpaaenc.  Mum:  Mlcroincertace  Cnlp 
oeneral  DMcriptlon^ 

Klcrointerfcee  is  ac  IccsrCace  becwsen  Maciaaal 
Senlcooductor 's  IM:4C704,  oonvolatilo,  serial- accass* 
Csrroslectric  nunoty  device,  and  Intel's  MO«C 
nicroprocessor.  A  pin  diagran  is  abown  in  Figure  $9. 

fin  deseriptiofl: 

AO- All  -  Address  input  pins 
00D15  -  Bidirectional  parallel  data  bus  pins 
5DAM/L  -  Bidireetional  serial  data  bus  pins 
RQ/MR  -  Read/Wri ce  request  input  (active  loMi 
BHi  Bua  Hlqb  Snable  (active  lov) 

FERRO  -  Chip  aelect  Input  ^active  low; 

CLR  -  100  KHs  cloclc  signal  input 
SOAH/L  OVT, 

SDfM/lTtH, 

Hi/LO_DATA_Otn' 

-  Eternal  driver  enablea  liccive  lowi 
3CLH/L  •  Serial  Clock  outputa  to  NM34CF04  Chips 
RPY  READY  output  (active  low) 

RESET  -  Input  to  reset  Main  Finite  State  Nacbine 

Static  Power  DieaipatlOQ  (no  input (r  B2i  wN 
Dynamic  Fewer  Oiaaipation  (worst  easel  i  i,S4  M 


Figure  59  Freltalxjiry 
?ir4<xit . 
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